ABSTRACT: Pseudomonas stutzeri strain KCCM 34719 was used in this experiment to determine the effects of increasing Pb(II) concentrations on its growth rate. To obtain optimum growth conditions, strain KCCM 34719 was cultivated in nutrient broth under various conditions, such as temperature, pH, and NaCl concentration. Optimal conditions for cell growth were 30 of temperature, 8.0 of pH, and 3% of NaCl ℃ concentration, respectively. Growth response of bacterial cell to Pb(II) showed tolerance to concentrations ranging from 10 to 100 mg l -1 in liquid culture, following a growth pattern similar to the control. Growth rate was greatly inhibited at 200 mg l -1 of Pb(II).
INTRODUCTION
Heavy metal pollution has raised concerns regarding the potential health risks to the public in the metal mining regions of South Korea. Biochemical acidgeneration processes in rocks and tailings exposed after mining are capable of dissolving heavy metals contained within the rocks and mine tailings 1) . Heavy rainfall with combination of topological condition in South Korea can cause increasing mobilization of heavy metals, such as Fe, Al, Mn, Cu, Pb, Zn, Cd, and As, to paddy fields via surface and ground water, which the major crop, rice, is grown on. Furthermore, South Korea was reported as the second producer of Cd in 2005 2) . Most of the heavy metals are poisonous, causing severe dysfunction of the kidneys, reproductive system, liver, brain, and central nervous system 3) . Physicochemical methods have been practiced for several decades for toxic heavy metal removal from industrial wastewaters. Although conventional sorption technology using chemical adsorbents has been exploited, several disadvantages include both economic and environmental aspects 4) . Therefore, there is an urgent need for the development of cost-effective and efficient technologies that could treat metal-containing wastes including aqueous streams. A wide variety of living and dead biomass of bacteria, algae, fungi, and plants is capable of sequestering toxic metals from waste streams, which offers an economical alternative for sorption technologies. Once the toxic metals are absorbed and/or transferred within organic materials, they can be removed from wastewater and returned to the soil-organic matrix, which can enhance fixation of heavy metals in ecosystems 5, 6) . The mechanisms associated with metal removal by microorganisms are rather complex compared with chemical absorbents, and can be divided into three categories: (1) biosorption of metal ions on the cell surface, (2) intracellular uptake of metal ions, and (3) chemical transformation of metal ions by microorganisms 7) . Adsorption of particulates has been observed with fungi and was proposed as a process for the removal of suspended matter from waste water 8, 9) . The enhanced active uptake and intracellular deposition of metals has been reported for several elements like copper and iron 10) . In addition to the precipitation of metal . The capacity of any biosorbents is mainly influenced by biomass characteristics, physicochemical properties of the target metals, and the microenvironment of contact solution including pH, temperature, and interaction with other ions 12) . For example, increase in pH can cause precipitation of metal ions generally in the order of Fe . Pseudomonas stutzeri is Gram-negative and aerobic and reside in soil and water 13) . The living biomass has been found in mine waste waters polluted with various heavy metals and shown Cu-tolerant at a high concentration, 1000 mg l - 1 14) . The objective of this research was to determine the growth response of P. stutzeri strain KCCM 34719 to various conditions (NaCl concentration, pH, and temperature) in nutrient broth and to evaluate the optimum conditions for strain KCCM 34719 tolerant to Pb(II)-containing broth.
MATERIALS AND METHODS

Bacterial species and growth medium
The microorganism used for this experiment was Pseudomonas stutzeri strain KCCM 34719 which was obtained from Korean Culture Center of Microorganism (KCCM), Seoul, Korea. Bacterial cell was initially cultured in nutrient broth (MERCK, Germany) and then maintained in nutrient agar medium (Difco, Detroit, USA). Cell density was determined by O.D. 600 nm with UV-vis spectrophotometer (SHIMADZU, Japan).
Metal solution for growth response
The nitrate salt of Pb(II) manufactured by Junsei, Japan, KANTO was used to prepare stock solution with autoclaved distilled water. The stock solution (1000 mg l . Samples (3 ml) were collected at selected time intervals for 240 min and analyzed for O.D. at 600 nm.
The mathematics of growth
The rate of growth during the exponential phase in vitro culture can be expressed in terms of the average growth rate constant (k).
k= (Nt-N0)/t
where Nt and N0 is the O.D. values at time t and initial time 15) .
RESULTS AND DISCUSSION
Optimum condition of Pseudomonas stutzeri
Environmental temperature profoundly affects the growth rate of microorganisms, like all other organisms. Since P. stutzeri is Gram-negative, they are particularly susceptible. For these reasons, bacterial cell temperature directly reflects that of the cell's surroundings, which most influences enzyme-catalyzed reactions. When cells were grown in Nutrient broth with various temperatures, average growth of strain KCCM 34719 showed a longer lag phase at 20℃ than at 30 and 38℃ (Fig. 1) ; however, growth rate was highest at 30℃ (Fig. 2) . Microorganisms are dramatically influenced by pH, each species of which has a definite pH growth range and growth optimal conditions. Although growth occurs over a wide range of pH and beyond the optima, there are limits to their tolerance. Drastic changes in cytoplasmic pH harm microorganisms by disrupting the plasma membrane or inhibiting the activity of enzymes and membrane transport proteins. It is well known that most bacteria die if the internal pH drops much below 5.0 to 5.5. We therefore conducted studies within a pH range from 6.0 to 9.0. Average growth of the bacterium over the pH ranges surprisingly followed similar lag phases (Fig. 3) . However, growth rate was the optimum at pH 8.0 (Fig. 4) .
The amount of water available to microorganisms can be reduced by interaction with solute molecules known as the osmotic effect. Microorganisms differ greatly in their ability to adapt to habitats with low water activity (aw). Water activity is defined as aw= Psolu/Pwater where Psolu and Pwater represent the vapor pressures of solution and pure water, respectively. Some microorganisms able to grow in a habitat with a low aw value are osmotolerant and may grow over a wide range of water activity or osmotic concentration. Halophiles especially can grow optimally in the presence of NaCl or other salts at the minimum concentration 2M 15) . As shown in Figs. 5 and 6, strain KCCM 34719 was characteristically moderately halophilic. Average growth of strain KCCM 34719 in broth medium containing 3% NaCl showed a longer lag phase than in the absence of NaCl; strain KCCM 34719 could tolerate high levels of NaCl (Figs. 5 and 6 ).
Overall, strain KCCM 34719 had optimum conditions of 30 of temperature, 8.0 of pH, and 3% of NaCl in ℃ broth medium containing 10 mg l -1 of Pb(II), which in turn has been known to affect tolerance capacity (or sorption capacity) of the strain to heavy metals at a higher concentration 16, 17) .
Growth response of strain KCCM 34719 to Pb(II)
Growth response of strain KCCM 34719 in liquid culture from 10 to 100 mg l -1 conc. of Pb(II) followed the same growth pattern as the control for 66 h incubation (Fig. 7) . Growth curve of the bacterium in the broth containing 200 mg l -1 of Pb(II) showed a much longer lag phase than any other conditions, meaning that the growth was greatly inhibited at 200 mg l -1 of Pb(II). Since most metal-microbe interactions are initiated at the concentration level of metal uptake by microorganisms, the uptake mechanism is likely to be linked to the mechanism of metal resistance in the microorganism 4, 17, 18) . 
